Athletic participation is common among adolescents, with more than half of all high school students participating in school-sanctioned sports during the 2014-2015 academic year. 12 Of the approximately 7.8 million student athletes in the United States (US), baseball is the fourth most popular boys' program with 486,567 participants (ie, 10.8% of all male participants in high school sports). 12 Sports participation is beneficial to overall health but carries a risk of injuries. 11 A recent study found that boys' baseball players sustained 1.72 shoulder injuries per 10,000 practices or competitions. 7 One of the most common is an overuse injury to the throwing arms of pitchers, believed to be a result of cumulative microtraumatic stresses from the repetitive dynamic overhand-throwing motion used to pitch a baseball. 2, 10, 24 With increasing student participation in high school athletics over the past decade, 12 such injuries continue to be more prevalent. In addition, approximately one-fourth of high school baseball players pitch, 8 The American Journal of Sports Medicine 2018;46(1):37-43 DOI: 10.1177/0363546517734172 Ó 2017 The Author (s) and the number of high school pitchers who require surgery for pitching-related injuries has increased. 13 The many risk factors contributing to shoulder and elbow injuries in this population add complexity to understanding the epidemiology of these injuries. Of the many proposed risk factors, fatigue is, perhaps, the most significant. Throwing while fatigued as a youth baseball pitcher leads to a 36:1 increase in the risk of shoulder or elbow injuries. 13 Specialization, lifting weights during the season, playing year round, and playing in more than one league at the same time can lead to overuse and fatigue. 10 Specific to pitching, additional risk factors for fatigue include pitching more games, months, and pitches per year; more innings and pitches per game; more warm-up pitches before a game; and those players who were more frequently started as pitchers. 9, 13 Other risk factors for shoulder and elbow injuries include increased age, increased weight, limited glenohumeral internal rotation, preseason supraspinatus weakness, high pitch velocity, throwing breaking pitches (curveballs and sliders), and participation in showcases. 9, 10, 13, 22 Previous epidemiological studies have focused on injuries in Little League, collegiate, and professional baseball players. 3, 10, 16 An important area in need of further research is shoulder and elbow injury prevention in high school baseball. Improving our knowledge of these common injuries is crucial to help drive effective, targeted evidence-based prevention and treatment strategies. Therefore, the objective of this study was to provide a comprehensive understanding of the epidemiology of shoulder and elbow injuries among high school baseball players in the US.
METHODS

Data Collection
This study was approved by the local institutional review board. Shoulder and elbow data for US high school baseball players were obtained from the National High School Sports-Related Injury Surveillance Study using High School RIO (Reporting Information Online), an Internet-based sports injury surveillance system that has been described previously. 18 In brief, high schools with 1 National Athletic Trainers' Association-affiliated certified athletic trainers (ATs) with a valid email address were invited to participate. Responding high schools were categorized into 8 strata based on school population (enrollment 1000 or .1000) and US census geographic region. 23 High schools from each of the 8 strata were randomly chosen to participate in the nationally representative sample of 100 schools. If a school dropped out during the study, another school from the same stratum was randomly selected for replacement to maintain the 100-school study population. Certified ATs from participating high schools reported injury and athlete-exposure (AE) information on the High School RIO website weekly throughout the academic year. Injury and exposure data used in this study were collected from school years 2005-2006 through 2014-2015.
Definition of Injury and Exposure
An AE was defined as 1 athlete participating in 1 schoolsanctioned practice or competition. A reportable injury was one that (1) occurred as a result of participation in an organized practice or competition, (2) required medical attention by an AT or physician, and (3) resulted in a restriction of the athlete's participation for 1 day after the day of injury (except for fractures, concussions, heat illnesses, or dental injuries, which were captured regardless of time loss). For each injury, the AT submitted a detailed injury report on the injured athlete (age, height, weight, etc), the injury (side of body, diagnosis, severity, etc), and the injury event (activity, mechanism, etc). Throughout the study, ATs were able to view all previously submitted information and update reports as needed.
Statistical Analysis
Data were analyzed using SAS software version 9.3 (SAS Institute). Injury rates were calculated as the number of shoulder or elbow injuries per 10,000 AEs. Subgroup differences were evaluated with rate ratios (RRs) or injury proportion ratios (IPRs) and 95% CIs. For example, the RR calculation for comparing shoulder injuries in practices to shoulder injuries in games was as follows: Means and SDs were calculated for demographic variables (ie, age). Statistical differences in demographics between groups were examined with independent-samples t tests. A comparison of categorical data (ie, level of play) was performed using the Pearson chi-square test. The Fisher exact test was used in cases where the expected count was less than 5. 95% CIs not containing 1.00 and P values \.05 were considered statistically significant. (Figure 1 ). The rates of injury were higher in competitions compared with practices for shoulders (RR, 1.44; 95% CI, 1.11-1.85) and elbows (RR, 2.15; 95% CI, 1.56-2.96) ( Table 1 ). The characteristics of shoulder and elbow injuries in all high school baseball players are presented in Table 2 . Most injuries to the shoulder (83.8%) and elbow (84.7%) were new. The majority of shoulder injuries were muscle strains (31.3%), while the majority of elbow injuries were ligament sprains (33.1%). The proportion of shoulder (9.7%) and elbow (5.4%) injuries managed with surgical intervention did not differ significantly (IPR, 1.79; 95% CI, 0.80-4.01). Because the highest proportion of all shoulder (39.6%) and elbow (56.9%) injuries were to pitchers, further analyses compared shoulder and elbow injuries within pitchers to those sustained by other position players.
RESULTS
Overall Injury Patterns
Pitchers
Noncontact and overuse were the most common mechanisms of injury for the shoulder (93.5%) and elbow (88.0%). A greater proportion of shoulder injuries (38.7%) compared with elbow injuries (7.3%) were muscle strains (IPR, 5.29; 95% CI, 2.23-12.55). Compared with shoulder injuries (3.2%), a greater proportion of elbow injuries (42.7%) were ligament sprains (IPR, 13.21; 95% CI, 4.06-42.96). More than half of the shoulder (77.5%) and elbow (61.8%) injuries occurred at the varsity level. Most shoulder (83.9%) and elbow (84.3%) injuries were new as opposed to recurrent injuries. Similar proportions of shoulder and elbow injuries were recurrent from the previous academic year (9.7% and 10.8%, respectively) or from the current academic year (5.4% and 4.8%, respectively). The majority of pitchers with shoulder 08. Elbow P value = .14.
(70.8%) and elbow (64.6%) injuries returned to play within 21 days. Elbow injuries more frequently resulted in removal from play for more than 3 weeks (25.3% vs 15.7%, respectively) or medical disqualification (11.4% vs 5.6%, respectively) compared with shoulder injuries, although these differences were not statistically significant. Shoulder injuries (10.8%) more frequently resulted in surgical treatment than elbow injuries (3.6%), but this difference was not statistically significant.
Position Players
For position players, noncontact and overuse were the most common general mechanisms of injury for the shoulder (57.1%) and elbow (56.1% Table  3 , with 40.4% of shoulder injuries and 51.6% of elbow injuries allowing return to play within 1 week.
Pitchers Versus Position Players
The characteristics of shoulder and elbow injuries in pitchers and position players are presented in The elbow is the reference for all IPRs. Values in bold are significant (95% CI excludes 1.00). Categories with 1 case counts were not evaluated for significance.
d Some injuries were bilateral, and therefore, the totals do not add to 100.0%. Other consists of the athlete choosing not to continue, the season ending before the athlete could return, and the athlete being released from the team for a nonmedical reason.
comprehensive investigation, to date, of shoulder and elbow injuries among high school baseball players. The overall injury rate was significantly higher for the shoulder (1.39 per 10,000 AEs) than the elbow (0.86 per 10,000 AEs). Although shoulder injury rates trended downward while elbow injury rates trended upward during the study period, these trends were not statistically significant. Shoulder and elbow injury rates and patterns varied significantly by position and setting (competition vs practice). A number of these injuries resulted in more than 3 weeks' time loss or in the player's medical disqualification for the season, with a small but notable percentage of these injuries managed surgically. As baseball is the fourth most popular high school boys' program with nearly half a million students participating during the 2014-2015 school year, 12 it is crucial for health care providers to help drive targeted evidence-based prevention strategies for shoulder and elbow injuries in this population.
Our study found an extreme position-based predominance of shoulder and elbow injuries in high school baseball players, with the majority of injuries occurring in pitchers rather than position players. The proportion of all shoulder injuries sustained by pitchers (39.6%) in this study was similar to that in previous studies (29%-38%). 7, 8, 20 Similar to the findings of Olsen et al, 13 pitchers were taller and heavier, correlating with a tendency to throw with greater velocity. Shanley et al 20 examined the incidence of injuries in high school baseball players. They found that pitchers were 3.6 times as likely to experience an upper extremity injury than a position player. Similar findings have been reported in Little League, 1,9,10 collegiate, 3 and professional baseball players, 16 which indicates that pitchers experience a greater proportion of upper extremity injuries throughout their baseball careers.
In the current study, the rates of injury were higher in competitions compared with practices for shoulders and elbows. These results are similar to the general findings of Rechel et al 18 in an epidemiological comparison of high school baseball injuries sustained in practices and competitions, even though shoulder and elbow injuries were not looked at separately in that prior study. Our study found that the shoulder had the highest competition injury rate (1.73 per 10,000 AEs). The rate of elbow injuries in competitions was more than twice that in practices. Dick et al 3 reported similar findings in collegiate baseball players in whom shoulder injuries were twice as likely and elbow injures 3 times as likely during games than during practices. However, despite the higher injury rate during games, a greater proportion of shoulder injuries were sustained in practices. Furthermore, nearly twice as many shoulder injuries compared with elbow injuries were sustained during practices. Similar to results published The position player is the reference for all IPRs. Values in bold are significant (95% CI excludes 1.00). Categories with 1 case counts were not evaluated for significance. P values derived from an independent-samples t test performed for continuous variables.
e Some injuries were bilateral, and therefore, the totals do not add to 100.0%. f Other consists of the athlete choosing not to continue, the season ending before the athlete could return, and the athlete being released from the team for a nonmedical reason.
previously, these findings are because of the greater amount of time spent in practices compared with competitions. 17 This indicates a need for practice-focused injury prevention efforts.
The reason for the overall higher rate of injuries during games is likely multifactorial. 3, 13, 14, 19, 25 During games, pitchers may be more likely to throw harder, through pain, or while being more fatigued as they compete with a higher level of intensity to win. Olsen et al 13 investigated adolescent pitchers and found that high-velocity (.85 mph) pitching, the presence of fatigue, and participating in showcases were risk factors for shoulder or elbow surgery. Likewise, Petty 14 reported that increasing pitch velocity was an independent risk factor for ulnar collateral ligament (UCL) reconstruction in high school pitchers. In 2014, Yang et al 25 conducted a national survey among 754 youth pitchers, finding that those who pitched with arm fatigue and arm pain had a greater odds of pitchingrelated injuries. Players may also exhibit riskier behavior during competitions such as diving for balls, sliding into a base, running into walls, or colliding with other players. The presence of college and professional scouts, particularly at the varsity level where the majority of juniors and seniors compete, may also contribute to the higher incidence of injuries during competitions. Because of these factors, coaches, ATs, and physicians should maintain a high index of suspicion for shoulder and elbow injuries during baseball competitions.
With respect to the mechanism of injury, overuse and noncontact injuries accounted for the highest proportion of shoulder (71.3%) and elbow (73.9%) injuries. Pitchers had a disproportionate rate of chronic and overuse injuries compared with position players. These findings are consistent with previous research on youth baseball pitchers showing that repetitive stresses and a lack of adequate recovery can lead to injuries. 5, 9, 10, 13, 15 Contact mechanisms of injury (player to player, player to playing surface, player to playing apparatus) represented 41.2% of all shoulder and elbow injuries in position players. Shoulder injuries were more likely than elbow injuries to occur from contact with a playing surface, for example, sliding head first or diving back into a base. In 2012, Stovak et al 21 investigated sliding injuries in high school varsity baseball players, finding that head-first slides led to more injuries than feet-first slides. Sliding head first can lead to a shoulder injury if the athlete lands on his shoulder instead of his chest with his arm outstretched to reach the base. In addition, this study showed that elbow injuries were more likely than shoulder injuries to result from contact with a playing apparatus, for example, being hit by a pitch.
In high school baseball players, increasing the level of play appears to increase the risk of shoulder and elbow injuries, with varsity athletes sustaining the highest proportion of injuries. Furthermore, injuries were more common in juniors and seniors, with the lowest proportion of injuries occurring in freshmen. The reasons for these findings are likely multifactorial but are likely related to the increased forces about the shoulder and elbow in the older athletes. Furthermore, higher levels of intensity are seen in higher levels of competition, along with greater skill, power, and body size. Han et al 6 reported that high school players were more likely to have UCL injuries or superior labrum anterior-posterior (SLAP) lesions than junior high school players. Furthermore, the authors noted that taller and heavier players were more likely to be affected by a UCL or SLAP lesion.
An important finding of this study was the morbidity and playing time lost due to shoulder and elbow injuries. This study found that 14.4% of shoulder injuries and 22.1% of elbow injuries resulted in a playing time loss of more than 3 weeks, which is similar to time loss in collegiate baseball players, with 25% of injuries resulting in 10 days of time loss from participation. 3 In addition, the current study showed that 10.3% of all elbow injuries led to medical disqualification, compared with 5.1% of shoulder injuries. Although the large majority of injured baseball players in our study did not require surgical intervention, most operative procedures occurred among position players, which is consistent with previous studies. 7 Given the economic burden of surgery coupled with the potential need for subsequent physical therapy, these injuries pose an important burden on injured athletes and their families.
An important area in need of further research is shoulder and elbow injury prevention in high school baseball. Various organizations have published or implemented guidelines and rules for the prevention of youth baseball injuries. 4 Most of the attention has been on pitchers, particularly preventing fatigue and overuse injuries. However, there are limited recommendations for injury prevention in the high school setting. Similar to the collegiate level, rules can be implemented to reduce the number of shoulder and elbow injuries related to contact, for example, requiring elbow protection for batters and outlawing headfirst sliding. Further research is also needed to examine the effects of potential rule changes aimed at limiting fatigue and preventing overuse injuries in throwers. Different rules and recommendations can be implemented to address the different types of fatigue, particularly game, seasonal, and yearly fatigue. Positional specialization should be discouraged, and pitchers should not do any overhead throwing of any kind (eg, football quarterback) for at least 2 to 3 months per year.
14 Standardized pitch counts (both in practices and competitions) and required days' rest in between outings should be implemented. 13 Further research is needed to determine a limit on the number of innings pitched in an academic year. A pitcher should not also be a catcher for his team. 5 Rules limiting the number and/or duration of team practices; lifting sessions; and preseason, regular-season, and tournament games must also be examined.
This study had several limitations associated with the restrictions of the surveillance system that supplied the study dataset. Schools participating in this study were limited to those with National Athletic Trainers' Associationaffiliated ATs, meaning that our findings may not be generalizable to all US high schools. However, the use of trained sports medicine clinicians to report these injury data to the surveillance system increased data quality and consistency. Because high school ATs were not asked to report minor injuries that did not result in time loss,
